The protein factor S, previously shown to stimulate polypeptide chain termination in bacterial extracts, has two effects upon the complex formed between ribosomes, release factor, and terminator (trinucleotide) codon: (1) in the absence of GTP or GDP, S stimulates formation of an [R UAA ribosome] intermediate, and (2) in the presence of GTP or GDP, S participates in dissociation of this intermediate. Factor S can stimulate flIet release from [fMet-tRNAf AUG-ribosome] intermediates in either the presence or absence of GTP or GDP. A model is proposed which relates the in vitro effects of S 1 GTP (or GDP) on fMet release to the effects of S 1 GTP (or GDP) on the binding and dissociation of R factor from ribosomes.
gentle suction onto a nitrocellulose filter (HA millipore filter, 25 mm diam, 0.45 jum pore size, lot no. 8568). All measurements of binding, unless indicated, are of extent. Filters are dried and counted as previously described8 at a counting efficiency of 30%. fMet release: Both R and S activities are determined by the release of f [8H]-
Met from [f[81H]Met-tRNAf-AUG ribosome] intermediates as previously described.'-
The tRNAfMet is supplied from Oak Ridge National Laboratories through an interagency agreement with the National Institute of General Medical Sciences. Materials: The [3H]UAA was prepared by enzymic methods as previously de-scribed7 using [3H]ADP (20.3 Ci/mmol, Schwarz BioResearch Corp.). Analysis of the [8H]UAA in two different paper chromatographic systems (H20-n-propanol-NH3 35:55: 10 by volume; and 40 g ammonium sulfate dissolved in 100 ml of 0.1 M potassium phosphate, pH 7.0) indicated that its Rf was identical with authentic UAA; no contaminating radioactivity was detected. The L-[3H-methyl]-methionine (5.1 Ci/mmol) was obtained from Schwarz BioResearch Corp. Protein determinations were carried out by a modification of the method of Lowry.8 The R1 (Fraction VI), R2 (Fraction VII), and S (Fraction IV) preparations used in these studies have been characterized.5'6 Antibiotics were used at a final concentration of 10-4 M and were obtained from sources previously reported.3'4 Purity of GTP, GDP, and GDPCP was determined by thin-layer chromatography.9 The GDP and GDPCP used had no detectable contaminants (level of sensitivity, 5%). The GTP used contained a 10% contamination of GDP.
Results. In reactions containing ribosomes, radioactive terminator trinucleotide, R factor, and ethanol, a stable [R . radioactive terminator codonribosome] intermediate is formed that can be quantitated by its retention on nitrocellulose filters. 3 In the presence of R1 or R2, S stimulates binding of [3H]UAA to ribosomes ( Fig. 1A) . In other studies, we have shown that S stimulates the ribo- (3600 cpm/pmol); 4.0 jog RI (A, A) or 1.1 j.g R2 (0, 0); 16.0 ,gg S as indicated; ethanol as indicated, and additional components as described in Materials and Methodqs Binding of [3H]-UAA (0.07 pmol) in the absence of R factor is subtracted from all values. (B) Each reaction is incubated 30 min at 0WC and contains in 0.05 ml: 0.82 A260 unit ribosomes; 9 pmol [3H]UAA (3000 cpm/pmol); 4.0 jog Ri as indicated; S as indicated; 4% ethanol, and additional components as described in Materials and Methods. Binding of [3H]UAA (0.02 pmol) in the absence of R factor is subtracted from all values. somal binding of [3H]UAG with R1 but not R2. S, therefore, stimulates ribosomal binding of trinucleotides in the presence of release factors corresponding to their codon specificity (R1, UAA or UAG; R2, UAA or UGA)3. The stimulation by S is optimal in reactions containing 10% ethanol but is observed over the 2-20% range (Fig. 1A) . We have routinely used 4% ethanol ( Fig. 1B) to investigate the stimulation of UAA binding by S. UAA binding under these conditions is stimulated 12-fold. The S-dependent UAA binding is inhibited by tetracycline (89%) and streptomycin (100%), antibiotics previously shown to inhibit terminator codon binding in the absence of S3. Sparsomycin, amicetin, erythromycin, fusidic acid, and spectinomycin have no effect on S-dependent UAA binding to ribosomes (unpublished data).
The effect of S on the rate of [3H]UAA binding is shown in Fig. 2 . The UAA binding is complete in 20 min. When 10-6 M GTP, GDP, or GDPCP is added to these reactions, UAA rapidly dissociates from the ribosome. The addition of GMP has little effect. In other experiments where UAA is bound to ribosomes without S (in reactions containing 10% ethanol), GTP, GDP, and GDPCP have no effect on ribosomal-bound UAA. Thus, the ability of these nucleotides to participate in dissociation of UAA from ribosomes requires S. The addition of GTP, GDP, or GDPCP, but not GMP or CTP, at zero time prevents the detection of S-dependent UAA ribosomal binding (Table 1 ). The evidence that S stimulates the binding of both UAA and R to ribosomes is presented in Table 2 . The indicated reactions are separated into ribosomal and supernatant fractions by centrifugation and subsequently examined for both R and [3H]UAA content. Since S does not stimulate fMet release under the conditions used for these R determinations, any stimulation in release that is observed represents increased binding of R to ribosomes. The addition of S to reactions containing UAA, R, and ribosomes increased the ribosomal binding of UAA 16-fold and of R 26-fold. Factor S, therefore, stimulates the ribosomal binding of both UAA and R. Since the fMet release assay reflects a catalytic function of R rather than a quantitation of R molecules, these comparisons do not permit us to directly relate the molecules of R and UAA bound to ribosomes. Similar results are obtained by Bio-gel column chromatography (A-1.5 m, 100-200 mesh; BioRad Labs., Richmond, Calif.) which separates ribosomal-bound Table 2) .
The requirements for the ribosomal binding of S are shown in Table 3 . The ribosomal fractions are isolated as described in the legend to Table 1 , and S activity in each ribosomal pellet is determined in release reactions containing R2 and UGA. Since the highly purified R1 preparation originally bound to ribosomes does not participate in fMet release with the codon UGA, these release assay conditions estimate ribosomal S, not R content. The ribosomal binding of S is stimulated by addition of both R1 and UAA, which suggests that the intermediate formed with S is a complex composed of R, S, terminator codon, and ribosomes. In experiments not shown, S dissociates from the ribosome when GTP (10-4 M) is added to pre-formed intermediates. We have previously reported that S stimulates fMet release from [fMet-tRNAf AUG.ribosome] intermediates in the presence of R and one of its corresponding terminator codons (Fig. 3) . Under optimal conditions for this effect (30'C, K+, and 10-5 M UAA),6 little fMet release occurs with R alone either in the presence or absence of GTP. Factor S stimulates the rate of release 10-fold. This effect of S is eliminated by the addition of GTP (10-4 M). Capecchi and Klein10 have observed a similar activity with a protein factor, which they have designated as a. Using in vitro conditions that differ from those described above, we have recently observed that S can also stimulate ffet release that is dependent on the presence of GTP. The critical variables that influence these paradoxical effects of S and GTP on frMet release appear to be the concentration of terminator trinucleotide and type of monovalent cation (K3+ or NH4+) used. Stimulation of fUMet release by S alone requires a low level of trinucleotide and occurs in the presence of either K+ or NH4+, whereas stimulation of release by S + GTP requires a high level of trinucleotide and occurs only in the presence of NH4 + (cation data not shown). In Fig. 4 , the paradoxical effects of S + GTP on fanet release are shown to be a function of the concentration of UAA. Where trinucleotide codon concentration limits the rate of fMet release (Fig. 4A ), S alone stimulates release and this stimulation is eliminated by the addition of GTP. This data is qualitatively similar to that presented in Fig. 3 . In Fig. 4B , where trinucleotide codon concentration is 20 times higher, S alone significantly reduces the rate of fMet release. The addition of S and GTP to these reactions stimulates the rate of release over that observed with R1 alone.
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These same effects are observed with R2 (unpublished data). While these studies ( Fig. 4B) show only a 40% stimulation of release by S and GTP, other studies with lower levels of R have shown a 240% stimulation. Thus, under appropriate in vitro conditions, S can stimulate peptide chain termination in the presence or absence of GTP. Recently we reported" that GTP, but not GDP, stimulated release of fMet from rabbit reticulocyte tfMet-tRNA ribosome] intermediates with crude reticulocyte R. We are currently investigating this apparent difference in the effect of these nucleotides on bacterial and mammalian termination. At higher concentrations of trinucleotide codon the rate of flkIet release is increased, presumably by increasing the rate of R binding to ribosomes. Under these conditions, S alone does not stimulate release, but S + GTP (or GDP) is necessary for stimulation of the rate of release (Fig. 4B) . We show in the present studies that S + GTP (or GDP) can participate in the dissociation of the [R. terminator trinucleotide * ribosome ] intermediate. Since the fMet release reaction reflects a catalytic function of R, any process which decreases or increases this catalytic function of R molecules would be reflected in changes in the rate of fMet release. Thus, a possible explanation for the reduced rate of fMet release by S alone, and the increased rate of fMet release by S and GTP (or GDP), is that S confers stability to the [R-terminator codon-ribosome] intermediate and that S, together with either of these nucleotides, actively dissociates this intermediate. The active dissociation of R from ribosomes would increase R turnover and hence, the rate of catalysis.
Discussion
Our data, therefore, suggest that S affects in vitro peptide chain termination in several ways. 
